SM mouse livers extracted by immersion in 1% Triton X-100, or in 1% Triton X-100 followed by 0.3 M KI were studied electron microscopically using the polyethylene glycolembedding method. After extraction with 1% Triton X-100, almost all the structural components of hepatocytes remained intact and cytoplasmic filaments could be seen three-dimensionally by using stereopairs of micrographs. It was difficult, however, to discriminate microfilaments, intermediate-sized filaments and microtubules from one anoter in these specimes. By immersion in 1% Triton X-100 followed by 0.3 M KI, hepatocytes were extracted remaining only plasma membranes, vesicles and filaments. These filaments were approximately 10 nm in diameter, that is intermediate in size. They were branched and were connected with plasma membranes, especilly at desmosomes. The combination method of immersion extraction and PEG-embedding seems to be suitable for the electron microscopic observaton of the cytoskeleton of cells in situ. mouse hepatocytes; polyethylene glycol; cytoskeleton; immersion extraction; stereo electron microscopy
In recent years, the cytoskeletal system, composed of microtubules (MTs), microfilaments (MFs), intermediate-sized filaments (IFs) and microtrabecular lattice (MTL), has vigorously been studied mainly in cultured cells (Wolosewick and Porter 1976, 1979) . It is now clear that, in the hepatocyte, MFs develop well beneath the plasma membrane, especially around the bile canaliculi (Oda et al. 1974 ; Holboroco et al. 1975; Fiskum et al. 1980) , and that IFs and MTs are also present throughout the cytoplasm (Fiskum et al. 1980; French et al. 1982) . Because of the presence of dark-staining cytoplasmic proteins (Fiskum et al. 1980) , however, these filamentous structures can be visualized only partly in ultrathin sections. If such cytoplasmic proteins are removed from the cell, the filamentous structures may be demonstrated more clearly. Hirokawa and Heuser (1981) have beautifully demonstrated the cytoskeleton of intestinal epithelial cells by a quick-freeze, deep-etch method. This method is, Received for publication, July 30, 1983 . 299 however, rather difficult to apply to clinical and experimental materials in a clinical laboratory, because it needs a special apparatus and a highly skillful technique. Ellisman and Porter (1980) , using a polyethylene glycol (PEG)-embedding method (Wolosewick 1980) , demonstrated the microtrabecular structure of the axoplasmic matrix in vivo, simlar to the structure found in whole cell preparations of cultured cells. This method has several advantages in demonstrating the cytoskeleton of cells in situ. First, structural distortion during the processes for electron microscopy may be minimal. Secondly, cytoplasmic organelles are preserved well. Thirdly, the procedures of this method are almost the same as those for conventional transmission and scanning electron microscopy, so at every laboratory where equipments for electron microscopy are available can this method be performed. In a previous study (French et al. 1982) , which demonstrated IFs in rat liver cells, extraction of the cytoplasmic proteins was performed through the perfusion of the liver. As our attempt is to apply this method to human liver biopsy specimens, immersion, instead of perfusion, was chosen for extracting cytoplasmic proteins.
The aims of the present study are to evaluate the usefulness of the PEGembedding method and to determine the extent of extraction by incubating the specimens in the detergent solutions.
MATERIALS AMD METHODS
Male SMA mice weighing about 20 g were used for this study. They were maintained in our laboratory on a commercial diet ad libitum. They were anesthetized with ethyl-ether in a chamber, laparotomized and a part of the liver was removed. Immediately after that, 1 to 3 mm3 blocks, carefully cut into pieces in "stabilization buffer (SB)" (0.5 mM MgClz + 0.1 mM EDTA + 0.1 M PIPES, pH 6.9) (Heuser and Kirschner 1980), were transferred to detergent solutions in order to extract cytosol proteins. The detergent solutions we used were the same as those used by Heuser and Kirschnerr (1980) for the extraction of cultured fibroblasts to visualize MFs, IFs and MTs, though the procedures were slightly modified.
Procedures to preserve MFs, IFs and MTs. The blocks were treated with a solution containing 1% Triton X-100 (Sigma), 4 M glycerol and SB for 30 min at room temperature, then fixed in 2.5% glutaraldehyde in the same solution. They were washed twice with distilled water and 0.1 M sodium cacodylate and then postfixed in 1% 0504 in 0.1 M sodium cacodylate for 1 hr 4°C.
Extraction of actin filaments. 0.3 M KI (Szent-Gyorgyi 1951) was used for extracting actin filaments (MFs) and visualizing IFs. That is, blocks pretreated with 1% Triton X-100+4 M glycerol+SB were incubated in the 0.3 M KI solution for 5 hr at 4°C, and then fixed as described above.
PEG-embedding. Blocks treated as described above were dehydrated in an ethanol series (15, 25, 50, 70, 80 , 90, 95,100%) for 10 min at each step, and subsequently incubated in 50% PEG (MW=6,000) in 100% ethanol (vol/vol), 75% PEG, and 100% molten PEG at 60°C, each for 4 hr (Wolosewick 1980) . They were transferred to gelatin capsules filled with fresh 100% molten PEG, and cooled in a -20°C freezer. Some blocks prepared as described above were also embedded in an Epon mixture.
Electron microscopy. The blocks were sectioned with a dry glass knife about 700 to 900 nm in thickness. Then the sections were transferred from the knife to a petri dish filled with double-distilled water, and put onto poly-l-lysine (0.1% aqueous, MW=90,000, Sigma) (Mazia et al. 1975 )-treated formvar-coated copper grids. Sections on a grid were transferred to another fresh double-distilled water, then dehydrated in an ethanol series and criticalpoint-dried with CO2 in a Hitachi HCP-l CPD apparatus. The dried sections were coated with carbon on both sides and observed in a Hitachi H-700 electron microscope at 200 kV. From the epoxy-embedded materials, ultrathin (70 nm) and thin (150 nm) sections were cut and mounted on bare 200-mesh copper grids. They were stained with uranyl acetate and lead citrate, and examined in a Hitachi H-600 electron microscope at 75 kV or 100 kV accelerating voltage.
RESULTS

Light microscopy
The light microscopic observation of specimens stained with toluidine blue revealed that, both in the control group and the treated groups, cell to cell junctions and the lobular pattern were retained (Fig. la, lb, lc) . Hepatocytes extracted with 1% Triton X-100 were pale-stained showing less distinct cell boundaries than non-extracted hepatocytes. The nuclei contained granular chromatin (Fig. lb) . Hepatocytes extracted with 1% Triton X-100 followed by 0.3 M KI preserved the general outlines of the orginal cells, but the nuclei were empty and the periphery of the cytoplasm became pale (Fig. lc) .
Electron microscopy of epoxy-embedded sections
By the conventional resin-embedding method without immersion extraction, filamentous structures could be seen only around the bile canaliculi (Fig. 2) . After immersion in 1% Triton X-100, cytoplasm of the hepatocytes became pale, and filaments, approximately 4 to 6 nm in thickness, were found in the entire periphery of the cell (Figs. 3, 4) . MTs, 26 nm in thickness, running parallel to each other, and IFs, 9 to 13 nm in thickness, were also noted (Fig. 4) . After extraction with 1% Triton X-100 and 0.3 M KI, most of cell organelles were lyzed, whereas filaments, approximately S to 11 nm in thickness, were visualized throughout the cytoplasm, though mainly in the peripheral area of the cytoplasm (Fig. 5) . These filaments were often branched and run in bundles.
Electron microscopy of PEG-embedded sections Without extraction, the cytoplasm appeared too dark to examine its fine structure even at 200 kV of accelerating voltage. Hepatocytes after extraction with Triton X-100 are shown in Fig. 6 . As can be seen in this figure, little change in the cell morphology was observed. Almost all the structural components remained intact, except the vagueness of the cell membrane. Nuclei were clearly defined and cytoplasmic organelles including filaments were preserved well. The filaments were densely distributed around bile canaliculi (Fig. 7) , though dispersed throughout the cytoplasm. Using stereopairs of electron micrographs, it was revealed that bundles of filaments were interconnected with each other, forming a Bile canaliculus of the non-extracted control liver. Bar, 0.5 pm. Bile canaliculus from a liver treated with 1% Triton X-100. Bar, 0.3 gum. . Low magnification micrograph of a 700-nm-thick PEG-section from a liver treated with 1% Triton X-100. Bar, 2.0 1cm. . 7. Stereopair micrographs of the bile canaliculus seen in Fig. 6 , but at a higher magnification. Bar, 1.01um. ±10° tilt. Fig  Fig   8 . Stereopair micrographs of the microtrabecular structure. Bar, 0.5 1um. ± 10° tilt.
9. Conventional electron micrograph of the "fuzzy material" in the cytoplasmic matrix.
Bar, 0.2,um.
three-dimensional lattice (Fig. 8) . The filaments were 8 to 18 nm in thickness and their lattice looked like MTL found in cultured cells ( Wolosewick and Porter 1976,1979) . In general, the MTL can hardly be observed in conventional sections cut from epoxy-embedded tissues. As Wolosewick mentioned in cultured cells (Wolosewick and Porter 1979), "fuzzy material" associated with vesicles found in epoxy embedded sections might represent the structure equivalent to the microtrabeculae (Fig. 9) .
After extracton with 1% Triton X-100 and 0.3 M KI, hepatocytes retained only swollen vesicles and filaments (Fig, l0) . Most filaments were approximately 10 nm, while some were 18 nm in diameter. They were dispersed throughout the cytoplasm, and densely packed in the peripheral cytoplasm (Fig. 10) . When viewed as stereopairs, they usually formed a branching network and some were connected with the remnants of the cytoplasmic organelles and plasma membranes, especially at the desmosome (Fig, l0) French et al. 1982) . We attempted to visualize the cytoskeleton of hepatocytes in situ by the PEG-embedding method after detergent extraction. The immersion extraction we used here enhances the visualization of the cytoskeletal elements by removing cytosolic proteins soluble in Triton X-100. Even after the extraction with Triton X-100 and 0.3 M KI, the liver cell volume looks unchanged. So the increased visualization of cytoskeletons may not be attributed to the condensation of the cytoskeletons but rather to a removal of cytosolic soluble proteins. From the electron microscopic observations of epoxyembedded sections, the filaments resistant to the extraction by 1% Triton X-100 were thought to represent MFs, MTs and IFs, and those resistant to the extraction by 1% Triton X-100 and 0.3 M KI were thought to represent IFs. Bershadsky et al. (1978) reported that the treatment of cultured cells with 1% Triton X-100 resulted in the extraction of about 80% cellular protein, and according to Blikstad et al. (1978) , high proportion of the released actin is likely to be of an unpolymerized form. So it seems unlikely that treatment with 1% Triton X-100 at 3TC in the presence of 4 M glycerol and 0.1 mM EDTA affects the structure of the hepatocyte cytoskeletons. The degree of immersion extraction with Triton X-100 we used may be suitable for our study ; the appearance of cytoskeleton and organelles shown here is very similar to that of cultured cells shown by Fiskum et al. (1980) .
As to the extraction method for visualizing IFs, Heuser and Kirschner (1980) revealed that 0.3 M KI extracts MFs, but not IFs, by immune electron microscopy and SDS-PAGE. The IFs, difficult to see by the conventional electron microscopic method, can be seen clearly after treatment with 0.3 M KI. French et al. (1982) demonstrated IFs of rat hepatocytes in situ by perfusion extraction with Triton X-100 and epoxy-embedding.
They showed that IFs were branched and connected with nuclei, centrioles, MTs, vesicles and rough endoplasmic reticulum.
As shown in Fig. 5 , we could demonstrate in ultrathin sections that IFs were branched and conneced with vesicles. However, membranous organelles preserved after immersion extraction were fewer than after perfusion extraction, so that the relationship between IFs and membranous organelles appeared less distinct.
In PEG-embedded sections, we showed a fine filamentous network in the cytoplasm. A stereopair showed that this network was a three-dimensionally interlacing lattice, and was thought to be analogous to the MTL found in cultured cells (Wolosewick and Porter 1976, 1979) . On the other hand, such a lattice can seldom be seen in epoxy-embedded sections, even 150 nm in thickness. This may be because, as mentioned by Wolosewick and Porter (1979) , the electron scattering of the epoxy resin coincides with that of the elements of lattice. In epoxyembedded sections, filamentous structures can be seen only around bile canaliculi. This finding probably corresponds to the finding that, in PEG-embedded sections, a filamentous network of the hepatocyte is condensed around the bile canaliculi. A fine, anastomosing, three-dimensional network could be observed throughout the cytoplasm in PEG-embedded sections, while it could not be easily discerned in epoxy-embedded sections. Only a "fuzzy material" could be seen in the latter and was thought to be equivalent to the MTL. This network consisted of 8 to 18 nm thick strands as observed in PEG-embedded sections. Wolosewick and Porter (1978) showed osmium tetroxide, a post-fixative, had a destructive effect on actin filaments and Small and Langanger (1981) postulated that the MTL was formed mostly of distorted and aggregated actin filaments during the dehydration procedures. Because the MTL shows high reproducibility, and also because fixation and dehydration procedures are necessary for the morphological study, we think it is worthwhile to observe the MTL for the study of the cytoskeleton by means of the PEG-embedding method.
When observed in PEG-embedded sections, each IF could be discerned clearly. Its dimension was the same as reported previously (Ishikawa et al. 1968 ). Stereopairs of thick sections, about 900 nm, enabled us to observe the flamework of IFs three-dimensionally.
Some filaments were about 18 nm in width. When viewed in ultrathin sections, some IFs run in a bundle. So it is possible that the IFs of 18 nm in width represent bundles of filaments in which each filament cannot be discriminated by the PEG-embedding method.
The presence of Ca++ or cooling causes depolymerization of MTs and the additon of 4 M glycerol does not cause any changes in MTs Heuser and Kirschner 1980) . So, even after extraction with 1% Triton X-100 containing 4 M glycerol and 0.1 mM EDTA at room temperature, MTs can be seen well. No MTs were seen, however, after extraction with 1% Triton followed by 0.3 M KI at 4°C. Extraction with 0.3 M KI at 4°C before fixation surely causes depolymerization and/or dissolution of MTs. Further studies of the preparative procedure for the visualization of MTs is necessary.
In conclusion, the immersion extraction enables us to visualize the cytoskeleton of hepatocyte in situ and the PEG-embedding method is suitable for the observation of the cytoskeleton, especially of the IF.
